Efficacy of oxygenated University of Wisconsin solution containing endothelin-A receptor antagonist in twenty-four-hour heart preservation.
The University of Wisconsin solution has been proven to be effective for prolonged heart preservation. However, 24-hour heart preservation by simple cold immersion in University of Wisconsin solution has been disappointing. We have performed hypothermic low-pressure continuous coronary perfusion with oxygenated University of Wisconsin solution for experimental prolonged heart preservation. However, the high potassium concentration of University of Wisconsin solution combined with prolonged ischemia has detrimental effects on endothelial function, which increases coronary tone during preservation and after reperfusion. The severe vasoconstriction and tissue edema result in damage to the coronary microcirculation. The purpose of this study was to determine whether hypothermic low-pressure continuous coronary perfusion technique with oxygenated University of Wisconsin solution containing a selective endothelin-A receptor antagonist (FR139317) would increase the effectiveness of the perfusion technique and improve postischemic cardiac function, both minimizing tissue edema and suppressing vasoconstriction. Preischemic and postischemic cardiac function of isolated rabbit hearts was evaluated with a Langendorff apparatus. The hearts were divided into three groups (n = 7 each): group I (hypothermic low-pressure continuous coronary perfusion with University of Wisconsin solution), group II (hypothermic low-pressure continuous coronary perfusion with oxygenated University of Wisconsin solution), and group III (hypothermic low-pressure continuous coronary perfusion with oxygenated University of Wisconsin solution containing 10 mg/L of FR139317). Preservation was performed for 24 hours. The initial perfusion pressure for continuous coronary perfusion was set at 5 mm Hg. Measurement of percentage of tissue water content and ultrastructural examination of the myocardium was then performed. In groups I, II, and III, the perfusion pressures at the end of the 24-hour preservation period increased from 5 mm Hg to 12.2 +/- 2.5, 8.1 +/- 1.3, and 5.4 +/- 0.8 mm Hg (p < 0.05), respectively. Percent recovery rate of cardiac output was 56.6 +/- 2.8, 82.3 +/- 8.2, and 93.3 +/- 6.0 (p < 0.05), respectively. And percent recovery rate of coronary flow was 55.5 +/- 8.1, 80.0 +/- 8.0, and 94.3 +/- 9.4 (p < 0.05), respectively. A significant inverse correlation was found between continuous coronary perfusion pressure at the end of preservation and the recovery rate of cardiac output (r = 0.85, p < 0.05). Tissue water content was significantly higher in group I than in groups II and III. These effects were inhibited by oxygenation of the University of Wisconsin solution (group II) and by the addition of the selective endothelin-A receptor antagonist (FR139317) (group III). Damage to coronary circulation was reduced by oxygenation and the addition of endothelin-A receptor antagonist during prolonged heart preservation. We concluded that hypothermic low-pressure continuous coronary perfusion technique with oxygenated UW solution containing endothelin-A receptor antagonist (FR139317) maintained coronary circulation by suppressing tissue edema and vasoconstriction during preservation, which improved postischemic functional recovery.